INTRODUCTION {#sec1-1}
============

The history of the identification of different types of craniosynostosis, the underlying pathogenesis, and the subsequent development of surgical treatments for this entity reads as a very entertaining novel. In the last decade, many reports have reviewed the history, treating paradigms, and evolving surgical techniques in much detail.\[[@ref3][@ref26][@ref30][@ref32][@ref34]\] In general, surgical techniques have always reflected the contemporary beliefs about pathogenetic paradigms and have always been limited by the available (or missing) technology, regarding both surgical tools and anesthesia.

At the time Virchow stated his law, it was believed that the observed deformities in craniosynostotic skulls were a result of cessation of growth across a prematurely fused suture, with compensatory growth along nonfused sutures in a direction parallel to the affected suture, causing obstruction of normal brain growth.\[[@ref40]\] Hence, the first surgical attempts to treat this condition in the late 1800s consisted of suturectomy,\[[@ref23][@ref24]\] although it appears that many children treated at that time were more likely to have microcephaly rather than craniosynostosis. This distinction was not diagnosed or considered at that time. As patients were only treated when neurological deficits developed, these procedures were performed at an older age and frequently reossification occurred before correction of the skull shape was established. The outcome of these early procedures was not satisfying and a high mortality rate was associated with these procedures, leading to fierce resistance by Jacobi and discontinuation of this technique.\[[@ref13]\] Some decades later, Faber and Towne reported excellent preservation of neurological function with minimal morbidity and mortality by performing suturectomy for craniosynostosis, presumably well differentiated from microcephaly.\[[@ref8]\] By the 1940s, strip craniectomies were widely accepted and it became clear that early intervention -- at that time described as the period before 2 months of age -- led to better functional as well as cosmetic outcome, a parameter that was not of primary importance at that time.\[[@ref9]\] However, the problem of reossification in older children remained and required extensive and difficult secondary cranial reconstruction operations, associated with high morbidity and mortality rates. Therefore, several techniques were developed to fight this reossification process, including wrapping of the cut bone edges with polyethylene or tantalium foil or applying Zenker\'s solution to the dura.\[[@ref1][@ref12][@ref37]\] Wrapping the bone edges led to infections and still early reossification, Zenker\'s solution caused seizures, hence these techniques were discarded.

By the mid-1950s, there was a significant advance in anesthesia and blood transfusion and surgery for craniosynostosis became very safe. At that time, Moss rejected the Virchow\'s law and proposed his "functional matrix theory," stating that the active growth of the underlying brain dictated the passive cranial growth along the suture lines. He proposed that the cranial base and not the suture was the primary site of abnormality, with suture fusion being a secondary consequence.\[[@ref28]\] These beliefs, together with the technological advancement and clear failure of simple strip craniectomy procedures in older patients, led to the development of more extended procedures, in which for the first time cosmesis was considered as a primary indication for surgery by Shillito and Matson.\[[@ref36]\] From the early 1960s to mid-1990s several extensive calvarial remodeling techniques were developed.\[[@ref10][@ref14][@ref38]\] Tessier introduced pioneering techniques for the treatment of craniosynostosis that led to significant improvements in cosmetic outcomes, particularly for those with facial abnormalities.\[[@ref38]\] The limitations of suturectomy for advanced disease and the discovery by Delashaw *et al*. that a major cause of the cranial deformity was compensatory overgrowth at adjacent sutures, led to techniques in which the desired changes in the shape and volume were established intraoperatively and the bony segments were fixed to maintain the correction.\[[@ref5]\] The outcomes of these techniques do not depend on postoperative brain expansion and are therefore more predictable than simple or extended craniectomy procedures. Therefore, cranial remodeling became the preferred surgical technique for craniosynostosis, although these techniques were associated with significant operative time, hospital stay, ICU monitoring, blood loss requiring transfusion, and complications.\[[@ref36]\] These limitations, especially blood loss and transfusion, were the motor for the development of minimal invasive craniosynostosis surgery techniques, using endoscopes or springs.\[[@ref19][@ref25]\] In the early 1990s, Jimenez and Barone presented their minimal invasive suturectomy via endoscopic approach, supplemented with orthotic helmet molding therapy to treat scaphocephaly.\[[@ref19]\] As their experience grew, subsequent reports noted significant reduction in blood loss and need for transfusions, shorter operative times and hospital stays, decreased hospital costs with good to excellent cosmetic results, not only for scaphocephaly but also for trigonocephaly, anterior plagiocephaly, brachycephaly, and multisutural craniosynostosis.\[[@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] Several other groups have adapted these techniques and confirmed their findings.\[[@ref3][@ref4][@ref6][@ref30][@ref31][@ref35]\]

The main goal of minimal invasive craniosynostosis surgery is to reduce the morbidity and invasiveness of classical surgical procedures, with equal long-term results, both functional and cosmetic.\[[@ref6][@ref29][@ref32]\]

Reducing the morbidity and invasiveness can be achieved by minimizing skin incisions and tissue dissection using the smallest working space possible while keeping good visual control over the surgical field to prevent major blood loss and other complications such as dural tears.

To reach these goals, we introduced endoscopy-assisted suturectomy (ECAS) supplemented with helmet molding therapy in our centre in 2005 and gained extensive experience with this technique.\[[@ref6]\]

METHODS {#sec1-2}
=======

Surgical technique {#sec2-1}
------------------

### General principles and equipment {#sec3-1}

This type of surgery can be performed with a standard armamentarium including the use of an endoscope with footplate and can be considered as a simple and easy surgery when performed correctly.

To minimize blood loss, we infiltrate the skin with lidocaïne 2% or epinephrine 1:100.000. After skin incisions are made, we use monopolar cutting for galea and periosteum. The craniectomy is then initiated with a high-speed drill and continued with different rongeurs and Kerrisons. Any bleeding during surgery from the epidural space and bone edges is easily controlled with FloSeal® Matrix Hemostatic Sealant and Ostene® bone wax (Baxter Healthcare Corporation, Fremont, CA, USA).

Once a small entrance craniectomy is performed, we use a 0-degree Storz lens scope with a working shaft used for endoscopic facial lift surgery without irrigation or suction to perform dura dissection from the overlying bone and synostotic suture \[[Figure 1](#F1){ref-type="fig"}\]. This is usually very easy as the dura mater is hardly attached to a synostotic suture, but can be tricky in case of a deep and sharp bony ridge as is often the case in trigonocephaly. Blood aspiration is performed by a separate aspirator placed parallel to the endoscope. The endoscope with footplate allows good visual control of the operative field under the bone, identification and bipolar coagulation of transgressing emissary veins before rupture, and protection of the dura mater during bone resection. Craniectomy is then continued along the length of the affected suture under direct visual control of the endoscope. No subdural/subcutaneous drains are used and a small compressive head bandage is used for 24 h to prevent subcutaneous hematoma development.

![Instruments commonly used in EAC surgery. A: bone cutting scissors, B:small suction device, C:bended spatula for dura dissection, D: 0 degree endoscope with footplate](SNI-9-59-g001){#F1}

Standard anesthetic monitoring techniques including electrocardiography, noninvasive blood pressure monitoring, pulse oximetry, temperature monitoring, and blood loss monitoring are used. As blood loss and operative times are very limited (30--60 min), there is no need for a central venous line nor an arterial line. Two peripheral venous lines suffice in all cases. Antibiotic profylaxis consists of 25 mg/kg cefazolin i.v. given 20 min before skin incision. Postoperative monitoring is performed in pediatric medium care unit, with hemoglobin/hematocrit levels controlled 6 h after surgery and before dismissal the next day. Postoperative pain is treated with prophylactic paracetamol and low-dose i.v. morphine which can be tapered during the night after surgery. Because of the low level of morphinoids postoperatively and the very limited blood loss, there is no need for an urinary catheter during or after surgery. Patients can be orally fed 3--4 h after surgery. None of our patients need ICU monitoring postoperatively and almost all patients are dismissed the day after the surgery. Helmet therapy is started 2 weeks postoperatively.

Jimenez and Barone showed that the critical age for EACS seems to be 6 months.\[[@ref22]\] After that age, the cosmetic results become worse and insufficient correction of skull shape is reached. However, one should not wait until the infant reaches the age of 5 or 6 months. The earlier an EACS is performed, the better the result. This is even more important in case of plagiocephaly and trigonocephaly. Therefore, below the age of 4 months, we always offer EACS as the treatment of choice, but for infants of 5 or 6 months, we restrict EACS for mild and moderate cases and consider open remodeling procedures for severe cases. We think that the optimal age to perform EACS is 3 months, as has been reported by other groups in the literature.\[[@ref3][@ref30][@ref31][@ref35]\] At this age, the child has grown and acquired some weight after birth, and both preterm and term infants have recovered from the physiological anemia which is most severe at approximately 8 to 12 weeks after birth in term infants. In preterm infants who are already born with a lower hematocrit, this decline, referred to as anemia of prematurity (AOP), occurs earlier and is more pronounced in its severity than the anemia seen in term infants. Therefore, at the age of 3 months, the child can tolerate some moderate blood loss and is able to tolerate the molding helmet. Unfortunately, we are often confronted with a diagnostic/referral delay by general practitioners and pediatricians, because of which patients are only presented to us at a later phase, often after the age of 3 months.

In syndromic cases, we aim for very early surgery at an age of 4--8 weeks, as we try to halt the progressive deformity, prevent intracranial hypertension, and simplify reconstructive surgery at a later stage. Parents are informed that cranial vault expansion and bifronto-orbital advancement procedures will still be required at a later stage. Because of the very young age and additional problems such as sleep apnea and risk of increased ICP, molding helmet therapy has not been added in these cases up to now.

Scaphocephaly {#sec2-2}
-------------

Patients are positioned in prone sphinx position, aligning the sagittal suture with the horizontal plane \[[Video 1](#SD1){ref-type="supplementary-material"}\]. Two skin incisions of approximately 4 cm are used: one 2--3 cm behind the most posterior point of the anterior fontanel, and the second one 2--3 cm anterior of the posterior fontanel. From this skin incision, an osteoclastic craniectomy towards the anterior fontanelle and posterior fontanelle is performed using the high-speed drill and rongeurs after dissection and elevation of the periosteum \[[Figure 2](#F2){ref-type="fig"}\]. The length of this craniectomy can vary in case a part of the suture is still open and patent. After this, FloSeal® Matrix Hemostatic Sealant is administered for hemostasis. Then, the endoscope is introduced through the anterior skin incision and dura dissection from the overlying bone is performed. The perfect visualization of the dura and operative field by the endoscope in conjunct with a parallel positioned aspirator to clear any blood gives the surgeon total control of the operative field during this phase. Typically, in the middle to posterior part of the synostotic suture, several bridging veins running from the dura towards the bone can be identified and coagulated before rupturing. Hence, blood loss can be minimized and there is always perfect visualization of the dura and the underlying superior sagittal sinus. Once the dura dissection is completed, the periosteum is dissected and lifted from the suture. Bended bone cutting scissors are used to cut the bone strip from the posterior incision to the front, while the endoscope is used from the anterior incision to visualize and control the direction of cutting, protecting the underlying dura with the footplate. The removed bone strip should measure 4--5 cm wide. At this point, again FloSeal® Matrix Hemostatic Sealant is used covering the subcutaneous surgical field. Then wedge-shaped osteotomies are performed behind the coronal sutures and in front of the lambdoid sutures to assist in allowing an increase of the biparietal width. Periosteum, subcutis, and cutis are closed in separate layers using resorbable sutures, Steristrips™ (3M™, Diegem, Belgium) included. A small compressive head bandage is used for 24 h.

![3D scan showing extent of craniectomy in scaphocephaly. Thick black line indicates skin incision, grey area depicts craniectomy size](SNI-9-59-g002){#F2}

Trigonocephaly {#sec2-3}
--------------

Patients are placed in a supine position, aligning the metopic suture with the horizontal plane. One skin incision of approximately 3 cm is positioned symmetrically over the metopic suture just behind the hairline \[[Figure 3](#F3){ref-type="fig"}\]. The exact position of this incision depends heavily on the preoperative 3D CT scan and is always a trade-off between the (future) hairline and the curvature of the forehead. When the hairline demands an incision that is not favorable to overcome the curvature of the forehead with the endoscope, we recently started to use a small zig-zag incision. This allows more anterior displacement of the skin, and thus, a more anterior entrance to the epidural space with the endoscope and less difficulties in reaching the endpoint of the craniectomy just above the nasion.

![3D scan showing extent of craniectomy in trigonocephaly. Thick black line indicates skin incision, grey area depicts craniectomy size](SNI-9-59-g003){#F3}

From this skin incision, an osteoclastic craniectomy towards the anterior fontanel is performed using the high-speed drill and rongeurs after dissection and elevation of the periosteum. The length of this craniectomy can vary in case a part of the suture is still open and patent. After this, FloSeal® Matrix Hemostatic Sealant is administered for hemostasis. Then, the endoscope is introduced and dura dissection from the overlying bone is performed. The perfect visualization of the dura and operative field by the endoscope in conjunct with a parallel positioned aspirator to clear any blood allows a safe dissection of the dura without the occurrence of dural tears although the frontal bone and synostotic suture often present with deep and sharp bony ridges. Typically, some bridging veins can be found near the most anterior part of the synostotic suture and can be coagulated before rupture. When performing dura dissection, the rigid scope tends to compress the dura as dissection advances anteriorly. Of course, it is of paramount importance to avoid too much pressure on the dura. Therefore, the entrance to the subdural space with the endoscope should be as anterior as possible to overcome the curvature of the forehead. Sometimes this will demand simultaneous progressive craniectomy of the suture while performing the dura dissection. Once the dura dissection is completed, the periosteum is dissected and lifted from the suture. A triangular craniectomy is performed with a base of 3 cm, tapering down between the orbits to just above the nasion, using the endoscope to protect the dura and provide good visualization. The bone near the skull base is generally more thick and cancellous, causing more venous bleeding. This can easily be controlled by using FloSeal® Matrix Hemostatic Sealant, and Ostene® bone wax. We recently added small wedge-shaped osteotomies pointed towards the upper lateral orbital edges to our treatment protocol. We think this might assist in the outbending of the flat area just above the lateral orbital edges in trigonocephaly. Periosteum, subcutis, and cutis are closed in separate layers using resorbable sutures, Steristrips™ (3M™, Diegem, Belgium) included. A small compressive head bandage is used for 24 h. Facial and periorbital swelling is usually very mild.

Anterior plagiocephaly/brachycephaly {#sec2-4}
------------------------------------

Patients are positioned in the supine position with the head contralaterally rotated in plagiocephaly cases or neutral position in brachycephaly cases. One (or two) curvilinear skin incision of approximately 3 cm wide is placed just behind the hairline over the synostotic suture(s). Depending on the hairline and the specific curvature of the forehead, we sometimes use a small zigzag incision (Harry Potter incision) to allow better skin retraction \[[Figure 4](#F4){ref-type="fig"}\]. From this skin incision, an osteoclastic craniectomy towards the anterior fontanel is performed using the high-speed drill and rongeurs after dissection and elevation of the periosteum \[[Video 2](#SD2){ref-type="supplementary-material"}\]. The length of this craniectomy can vary in case a part of the suture is still open and patent. After this, FloSeal® Matrix Hemostatic Sealant is administered for hemostasis. Then, the endoscope is introduced and dura dissection from the overlying bone is performed up to the pterion. The perfect visualization of the dura and operative field by the endoscope in conjunct with a parallel positioned aspirator to clear any blood allows a safe dissection of the dura, without any problems with the middle meningeal artery branches. Once the dura dissection is completed, the periosteum is dissected and lifted from the suture. The synostotic suture is then removed with a width of 1--2 cm. At the pterion, some thick, cancellous bone can be encountered which may be responsible for some venous bleeding. This can easily be controlled by using FloSeal® Matrix Hemostatic Sealant, and Ostene® bone wax. Periosteum, subcutis, and cutis are closed in separate layers using resorbable sutures, Steristrips™ (3M™, Diegem, Belgium) included. A small compressive head bandage is used for 24 h.

![3D scan showing extent of craniectomy in plagiocephaly. Thick black line indicates skin incision, grey area depicts craniectomy size](SNI-9-59-g004){#F4}

Multisutural and syndromic craniosynostosis {#sec2-5}
-------------------------------------------

Although our experience is small for multisutural, nonsyndromic cases, we adhere to the same rationale for performing ECAS in these cases as for monosutural synostosis. Jimenez and Barone have shown that nonsyndromic multisutural craniosynostosis can be treated successfully with excellent results and reversal of the deformities.\[[@ref21]\] Therefore, we use the same timing and technique as in monosutural synostosis cases, including helmet therapy. Positioning depends on the affected sutures and is aimed at including all affected sutures within one sterile operative field. In general, all affected sutures are treated with suturectomy through one skin incision for every suture.

Recently, Jimenez and Barone reported on the endoscopic-assisted bilateral strip craniectomy of the coronal suture in an infant with Apert syndrome followed by helmet therapy.\[[@ref15]\] Based on their experience and short-term follow-up, they stated that early endoscopic-assisted surgery may provide an alternate and safe surgical option to treat complex syndromic craniosynostosis, although long-term results are needed to evaluate this.

In our centre, we treated three Apert and two Muenke syndrome cases with EACS. However, we did so with a different goal than Jimenez *et al*. In syndromic craniosynostosis, we want to try to halt the progressive deformity, prevent intracranial hypertension, and simplify reconstructive surgery at a later stage by performing EACS in a very early stage (4--8 weeks of age) but without helmet molding therapy. This is a very easy and simple surgery with very low morbidity, but to our mind, it is not meant to be a replacement for conventional surgical techniques. It is rather a supplement treatment to reduce the burden of the syndrome on the infant until definitive reconstructive surgery can be performed at a later age. Some groups have started to perform posterior cranial vault expansion in a minimally invasive manner to achieve the same goal while waiting for the right time to perform definitive cranial vault reconstruction.\[[@ref2]\]

Helmet therapy {#sec2-6}
--------------

To our mind, the success of EACS depends heavily on the cranial molding therapy. The helmet design, subsequent modifications, and compliance to the helmet therapy are all critical to the success of this procedure. The helmet has the ability to modify the calvarial growth pattern, and hence, the direction of growth in three dimensions. By controlling growth in most areas, the helmet focuses most of cranial growth in the areas where it is needed. By guiding the cranial growth in three dimensions, the fast developing and growing brain can act as a very effective internal distractor once suturectomy is performed. Without this guidance, e.g., due to lack of fit or noncompliance, cranial expansion occurs equally in all directions and the obtained correction after suturectomy remains incomplete.

One week after the surgery, a plaster imprint of the skull is taken, which serves as an initial template for the fabrication of the custom-made helmet and helmet therapy starts within 2 weeks after surgery. The helmet is designed to contact all areas of the cranium except where growth is desirable. Because the helmet needs to be worn 23 h daily, a perfect fit of the helmet is of paramount importance to prevent slippage or the development of pressure ulceration areas or other skin problems. Frequent follow-up by a dedicated orthotist and the craniofacial team, especially at the early stage of the therapy, ensures a perfect fit and allows for patient-specific adjustments in reaction to actual skull growth in three dimensions. This can be easily done by thermoplastic procedures until skull growth requires a new helmet. As the fastest increase in cranial volume occurs during the first two years of life, we aim for continuing helmet therapy until the age of 1--1.5 years or when normocephaly has been reached. In our series, the helmet was worn for 10 months on average.\[[@ref6]\] Children needed 1 or 2 helmets in the beginning of our experience. As our procedure and the importance of early referral to our centre was slowly adopted by the healthcare system, we were able to shift the timing of the surgery more towards the age of 3 months. Being treated earlier, most children need now 2 to 3 helmets during treatment. As our experience with this procedure grew, we adjusted the design of the helmet in close collaboration with the orthotist. At this stage, we use two different types of helmet according to the involved suture. For scaphocephaly, a recently developed very light, one-piece resin helmet is used \[[Figure 5](#F5){ref-type="fig"}\]. This helmet has a thickness of only 6 mm and reaches very low at the back of the head and encloses the entire forehead. This allows for a perfect fit, no slippage, and no need for a chin closure. It has limited ability for thermoplastic adjustments and is somewhat stiffer, exerting a bigger force in anterior-posterior direction. With this helmet, we notice that occipital rounding of the head as well as frontal bossing tends to correct faster. However, this needs to be verified in the future with increasing patient numbers. For trigonocephaly, brachycephaly, and plagiocephaly, a two-piece plastic helmet is used \[[Figure 5](#F5){ref-type="fig"}\]. This helmet is slightly thicker, 8 mm, and allows the correction of the forehead as needed in these cases. Again, it reaches very low at the back of the head as well as at the nasion, without obstructing vision. This allows for a perfect fit, no slippage, and no need for a chin closure. This helmet is made of a thermoplastic material, allowing for more easy adjustments by heating. Especially in plagiocephalic cases, where asymmetry needs to be addressed, this allows for frequent adjustments according to the local skull growth, when the affected side is changing faster than the general growth of the skull. This resolves the need for constructing a new helmet for a local change, while still being able to guide local skull growth.

![Helmets used for orthotic treatment. Left: 2-piece thermoplastic helmet used for trigonocephaly/anterior plagiocephaly. Right: one-piece resin helmet used for scaphocephaly](SNI-9-59-g005){#F5}

DISCUSSION {#sec1-3}
==========

Recent reports focus on the embryological formation and premature closure of sutures as being the main pathogenetic cause for craniosynostosis to occur.\[[@ref27][@ref33]\] Thus, it starts with a prematurely closed suture and subsequently the resultant cranial deformity is mostly the result of compensatory overgrowth at adjacent sutures, as Delashaw showed in 1989.\[[@ref5]\] This is a strong argument to try to perform surgery as soon as possible to interact and halt the further developing cranial deformity. To our mind, this is where technological advances make the difference; by using endoscopic techniques, the morbidity and mortality of surgery has dramatically dropped, allowing surgery in very young children. Technology can also overcome the shortcomings of simple suturectomy reported earlier. Based on Moss' functional matrix theory, the brain can be used as a perfect internal distractor once suturectomy is performed, but it needs guidance.\[[@ref28]\]

By using an orthotic molding helmet, the distractive forces of the growing brain can be guided towards the preferable growing vectors in three planes. We think that EACS with helmet therapy is the next logical step in the evolution of surgical techniques for craniosynostosis as it results from the combination of new insights into the pathogenetic mechanisms at play, together with the development of new technologies.

After having performed more than 140 cases, including all types of monosutural as well as complex nonsyndromic multisutural and some syndromic cases, we consider this technique as a very safe and valuable tool in the broad range of treatment possibilities for craniosynostosis, with satisfying results \[Figures [6](#F6){ref-type="fig"}--[8](#F8){ref-type="fig"}\]. With our current experience, we actively advise this treatment to any craniosynostosis patient under the age of 4 months, but for patients aged 4--5 months with moderate-to-severe craniosynostosis (especially plagiocephaly and trigonocephaly), we inform parents that this treatment may not be sufficient and cranial vault reconstruction techniques may have to be performed at a later stage. Up to now, this was needed three times, of which one was for cosmetic reasons only. In this particular case of multisutural craniosynostosis involving the left coronal and sagittal suture, left plagiocephaly persisted after EACS and helmet therapy.\[[@ref6]\]

![(a and b) pre operative 3D fotogrammetry of a scaphocephalic patient. (c and d) 11 months postoperative 3D fotogrammetry of same patient. Frontal bossing has declined, occipital pointing is resolved, mid-parietal breadth normalized](SNI-9-59-g006){#F6}

![(a and b) pre operative 3D fotogrammetry of a trigonocephalic patient. (c and d) one year postoperative 3D fotogrammetry of same patient. The width of the forehead is already increased, there is still some backslanting of the lateral brow](SNI-9-59-g007){#F7}

![(a and b) pre operative 3D fotogrammetry of a patient with synostosis of left coronal and bilateral lambdoid sutures. (c and d)12 months postoperative 3D fotogrammetry of same patient. The cranial axis has almost completely aligned with the facial axis and the shape of the forehead is almost symmetrical, with perfect rounding of the occipital area](SNI-9-59-g008){#F8}

However, as experience grows and long-term follow-up data starts to be available in the literature, we think it is mandatory to evaluate the results of this technique by comparing them not only to historical data but also to other current techniques including both minimally invasive spring-assisted techniques as classical "open" techniques. Indeed, also classic "open" cranial vault reconstruction techniques have undergone some recent adjustments to reduce surgical time, blood loss, and morbidity. It is mandatory to try to evaluate whether EACS is suitable for all craniosynostosis cases, both nonsyndromic and syndromic, or only for selected subgroups.

The result of the EACS treatment depends heavily on the helmet therapy. This essential part of the treatment is often considered a major drawback of this treatment, some even call it a "complication" of this treatment (personal communication at VI World congress of Neuroendoscopy, Mumbai, 2013). In our series, helmet therapy was continued for a mean of 10 months (8--12 months). By using custom-made, very light helmets, the compliance rate of helmet therapy is very high and we never noticed pressure ulcers or major complications. In few cases, some eczema or dry skin developed, which resolved once helmet therapy was stopped. Up to now, we never had to stop helmet therapy because of intolerance. Overall, the "burden" of the helmet therapy, as reported by parents, seems to be very low. We tried to generate objective data on the burden of helmet therapy by sending an online questionnaire to all parents. The questions in the questionnaire covered all areas of the impact and were asked objectively. This does not rule out all bias, e.g., it can be that parents choosing a type of procedure are less likely to report that they made a mistake in choosing. Although only roughly one-third of all parents responded, results are mainly in favor for the helmet therapy. Almost everyone would choose again the EACS with helmet therapy and all respondents would advise others to choose this treatment.\[[@ref6]\] This is in agreement with reports by other centers treating large numbers of patients with EACS.\[[@ref3][@ref17][@ref18][@ref35]\] However, the so called "burden" of the helmet therapy remains one of the main arguments to discard this treatment by those who have no experience with this treatment and are ill-informed.

When looking at the key points of this treatment, we still see room for future improvements:

\- Patients need to be treated as early as possible, preferably just before or at the age of 3 months to get satisfying results. Therefore, early referral to the neurosurgeon is of paramount importance. Information and education of general practitioners, pediatricians, and paramedic professionals working with children with "abnormal" head shapes (physiotherapists, manual therapists, etc.) should be actively performed to raise awareness and enlarge the therapeutic time frame through early referrals.

\- Although custom available surgical instruments are sufficient to perform EACS safely and successfully, development of dedicated instruments for this type of surgery can improve efficiency and reduce surgical time and blood loss even further. Especially the development of a new type of endoscopic shaft, small dedicated instruments for hemostasis, and a new design of a small craniotome that can be easily used below the skin under endoscopic guidance would improve surgical technique.\[[@ref39]\]

\- Helmet design can be further refined by using 3D CAD techniques. This could allow to construct the perfect molding helmet taking into account the actual skull compared to a reference "normal" skull to define the areas and extent of desired growth and/or restriction of growth. This would make the helmet therapy more reliable and predictable, with easier, planned, adaptations. This technique is already available but at the moment is more expensive than handmade custom helmets.

Last but not least, EACS may be combined with other surgical techniques as well. Spring expansion, internal and external distraction, and orbitofrontal advancement may all be combined with EACS, wherein the combination of two techniques allows further improvement of the result.

To our mind, the biggest challenge for the coming decades in the field of craniosynostosis surgery is trying to define which surgical technique or combination of techniques -- open, endoscopic, spring-assisted -- yields the best results in terms of satisfying cosmetic and functional results, with the lowest morbidity, mortality and cost, for certain set parameters such as craniosynostosis subtype, degree of severity, age at presentation, gender, and genetic background.

However, the field of craniosynostosis surgery is currently limited by the lack of objective data by which to interpret and compare results.\[[@ref7]\] Comparison is often performed on subjective basis and biased by personal experience, teaching schools, training, and dogmas, although there are increasing efforts to develop objective tools to evaluate cosmetic outcomes. We agree fully with Hankinson *et al*. who stated "Until a satisfactory craniometric method or group of methods is established, it will be difficult to meaningfully compare the outcomes of the myriad operative techniques currently available for the treatment of single suture craniosynostosis," and by extension multisuture craniosynostosis.\[[@ref11]\]

CONCLUSION {#sec1-4}
==========

We think EACS with molding helmet therapy offers an excellent alternative to traditional open approaches and should be considered for children diagnosed with nonsyndromic craniosynostosis prior to 3 months of age. Based on our very limited experience, we think it might also be a meaningful add-on therapy for syndromic cases to relieve the burden of the syndrome on the infant until definitive reconstructive surgery can be performed at a later age. In our experience, the helmet molding therapy is essential for reaching good results. This therapy is well tolerated by the children and parents alike without any major complications or concerns.
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